ABSTRACT
RNA interference (RNAi) has evolved into a powerful tool to study gene functions. Small interference RNA (siRNA) is a short (19-29 nt) double-stranded RNA. It is the functional intermediate in RNAi. There are several different methods to produce siRNA: (1) chemically synthesized siRNA (Elbashir et al., 2001) , (2) DNA vector-based siRNA (Brummelkamp et al., 2002; Jacque et al., 2002; Sui et al., 2002) , (3) siRNA cassette (Gou et al., 2003) and (4) in vitro transcription (Yu et al., 2002) . In this study, we focused on the specific bioinformatics need for DNA-based siRNA, i.e. vector-based siRNA and siRNA cassette.
For vector-based siRNA, a small DNA insert (about 70 bp) encoding a short hairpin RNA targeting the gene of interest is cloned into a plasmid or viral vector containing a promoter (e.g. U6 or H1 promoter) (Fig. 1) . The insert-containing vector can be transfected into the cell, and it expresses the short hairpin RNA. The hairpin RNA is processed rapidly by the cellular machinery into a 19-29 nt double-stranded RNA (siRNA). * To whom correspondence should be addressed. Vector-based siRNA demonstrated many advantageous over synthetic siRNA: (1) allows establishing stable cell lines; (2) is stable and easy to handle; (3) allows establishing siRNA transgenic animals; (4) allows establishing inducible expression system; (5) delivers as viral vector for gene therapy and in vivo studies; and (5) is cost effective (plasmid DNA can be regenerated easily).
The siRNA cassette is a PCR product that consists of a promoter sequence (e.g. U6 or H1 promoter) and a terminator sequence flanking a DNA insert encoding a hairpin siRNA (∼70 bp) (Fig. 2) . After being transfected into cells, the DNA insert encoding a hairpin siRNA is expressed from the PCR product, thus generating the siRNA. The siRNA cassette provides a quick and cost-effective strategy for siRNA target site screening.
Most online siRNA tools are mainly designed for chemically synthesized siRNA, and do not address the specific needs of DNA-based siRNA. Most of these tools do not support advanced features [e.g. automatic homology filtering and ranking, internal stability, secondary structure and single nucleotide polymorphism (SNP) checking]. Because of the increased bioinformatics need for vector-based siRNA and siRNA cassette, we designed this tool set to facilitate scientific discovery. (The target finder can also be used as a general siRNA target finding tool for other siRNA manufacturing methods, but the default parameters have been optimized for DNA-based siRNA.)
siRNA TARGET FINDER
This tool is used to identify the siRNA target sites in mRNA sequence. The rational design for siRNA target selection is still not perfect; however, functional siRNA target sites have certain characteristic features that can be used to prioritize the candidates and to increase the chance of finding a functional target site.
(1) Internal stability of siRNA duplex. The 5 anti-sense terminal of the siRNA duplex displays a lower internal stability (Khvorova et al., 2003) . This internal stability signature of the RNA duplex is measured by the minimum free energy ( G1) of pentamer subsequences, and is calculated using the nearest neighbor method (Freier et al., 1986) . Target sites that do not match this signature are filtered. (2) Specificity of the siRNA target sequence. BLAST search (Altschul et al., 1990 ) is used to filter nonspecific sites (cross-reaction with non-target mRNA).
The default cutoff for a 19mer target is three mismatches, and for a 21mer target four mismatches. To minimize the non-specific effect, the candidates are analyzed further by G2. This parameter is generated by using the following method:
A = Binding strength of the anti-sense strand of the siRNA to the target mRNA (measured by minimum free energy) (Freier et al., 1986) . B = Binding strength of the anti-sense strand of the siRNA to the second best matched site in the mRNA pool for a particular organism (measured by minimum free energy).
The higher the value of G2, the more specific a target site is. The final ranking of the candidates is based on both the siRNA specificity ( G2) and internal stability signature ( G1). This value is designated as E:
(3) Internal secondary structure of the sense and anti-sense strands. RNAfold (Hofacker et al., 1994 ) is used to measure the minimum free energy. The siRNA target sites having minimum free energy lower than −5 kcal/mol are filtered.
(4) Sequence complexity. Poly(A) (>3mer) and poly(T) (>3mer) stretches are removed to avoid the premature termination of transcription. Poly(G) (>2mer), poly(C) (>2mer) and poly(G,C) (>6mer) stretches are also removed to decrease the RNA duplex internal stability. (5) (e) Organism. This is used for BLAST filtering. Current available datasets include human, mouse, rat and Drosophila.
siRNA CONSTRUCT BUILDER
After the sense target sequence has been identified, a hairpin construct (antisense + loop + sense) needs to be constructed as the vector or cassette insert (Figs 1 and 2 ).
(1) Loop sequence for hairpin: The default is a 10 nt spacer (TTGATATCCG), and other spacers have been reported as well: CCACC (Jacque et al., 2002) , CTC-GAG (Sui et al., 2002) , AAGCTT (Sui et al., 2002) , CCACACC (Jacque et al., 2002) and TTCAAGAGA (Brummelkamp et al., 2002) . The loop sequence does not seem to influence the potency and specificity of the siRNA silencing effect. An alternative loop (e.g. CCACACC) should be used if the sequence before the loop ends with 'TT' and generates a potential termination signal 'TTTT' with the default loop (TTGAGATCCG). (2) Transcription Start Site: RNA polymerase III prefers to initiate transcription with a purine (Zecherle et al., 1996) . If the hairpin construct does not start with a 'G' or 'A', an additional 'G' will be added to the 5 end of the hairpin construct. (3) If the hairpin construct has an internal poly(T) (>3mer), the program will generate a warning. The termination signal (TTTTTT) is added at the 3 end of the hairpin construct. The designed insert is surrounded by restriction enzyme cutting sites that can be altered for different siRNA expression vectors.
siRNA SEQUENCE SCRAMBLER
A scrambled sequence derived from the target sequence is often used as a negative control in siRNA experiments. The scrambled sequence maintains the same nucleotide composition as the original sequence, and has no good homology with other known mRNA to avoid a non-specific effect. Up to 10 000 randomized candidates are generated. The candidates are filtered as a regular siRNA target sequence using the rules mentioned above. BLAST search is used to identify matched sequences in the RefSeq database (Pruitt and Maglott, 2001) . A candidate sequence with no match or weakest match to the RefSeq database is selected. The siRNA design center is freely available for academic and other non-profit organizations at the GenScript Website: http://www.genscript.com. To protect users' privacy, the programs are hosted on a secure Web server. siRNA target site rational design is a very active research area. The tools will be updated based on published literature and GenScript internal research.
